This paper studies the order of magnitude of the pricing corrections that are needed to implement marginal social cost pricing for all transport modes. With the TRENEN model we study this question for 6 areas in the EU. As marginal social cost pricing may generate important surpluses and deficits for the different modes, we also study the effects of two alternative pricing rules that satisfy budget constraints. We examine the effects of average cost pricing that guarantees a budget balance per mode. The second alternative pricing rule we study is social Ramsey pricing (or marginal social cost pricing with a budget constraint) where we impose a budget constraint at the level of the transport sector. We estimate transport effects and welfare effects of the three pricing rules. We show that average pricing rules may actually do worse than the present pricing rules and that social Ramsey pricing may achieve 50% or more of the maximal welfare gain.
INTRODUCTION
This paper studies the effects of more efficient pricing in the transport sector. The introduction of road pricing is a central component of social marginal cost pricing, but it is not the only one, as other modes, like rail and urban public transport, need important pricing corrections as well. 2 Correcting the prices on one market and not others may decrease the overall welfare gain, or even decrease welfare.
The first objective of this paper is to estimate, for the transport sector as a whole, the magnitude of the required price corrections, as well as their effects on traffic flows, government revenues and welfare. Marginal social cost pricing is often considered as an exercise of academic nature with little political relevance. When proposals for substantial pricing reforms in the transport sector are discussed, one of the major counterarguments used by interest groups is the risk for unbalanced budgets between transport modes. There is a general fear that taxes on car use would indeed strongly increase, and the receipts would be used to fill the larger deficits in the public transport sectors. Car lobby groups will therefore typically require that all modes balance their budgets.
This call for budget equilibrium is motivated in several ways. First, there is the efficiency concern that prices below average costs lead to excessive use of a commodity. Second, there is the cost-efficiency concern that the absence of a rigid balanced budget requirement for a mode like rail acts like a blank check so that production operations will become less cost-efficient. Third, there is a fear of loss of 2 See Glaister and Lewis (1978) for an early application of optimal pricing with several modes.
transparency. Finally, there are concerns regarding unacceptable transfers between population groups.
The second objective of this chapter is to assess the effects of balanced budget requirements. More specifically, the efficiency-and transport sector effects of three alternative pricing schemes are discussed. We compare existing pricing practices with marginal social cost pricing (MSC) and with two pricing rules that guarantee a balanced budget. The first is simple average cost pricing for each mode (ACM), the second is Ramsey pricing with budget equilibrium for the whole transport sector (RMS). Both average cost pricing and Ramsey pricing are deviations from marginal social cost pricing, for which we want to gauge the extent of the revenue effects as well as the potential efficiency losses of imposing budget constraints in the transport sector. This exercise could be considered as an input into a broader analysis that uses a political economy approach (e.g. Grossman and Helpman, 2001) , where issues like earmarking of tax revenues 3 and efficiency incentives for the transport ministries (in the sense of Tirole, 1994) are studied.
The computations are done for a set of European cities and non-urban areas, always using the same aggregate optimal pricing model. We focus on pricing reform for given infrastructure, excluding the investment problem. Moreover, it is assumed that all transport is produced in a cost-efficient way, so that any cost-efficiency concern generated by budget balance requirements is ignored. 4 Finally, income distribution concerns between population groups are ignored, as this requires a general equilibrium approach that keeps track of the use of transport revenue surpluses or deficits in other sectors of the economy Proost, 1997 and 2003) .
3 See Newbery and Santos (1999) for a contribution on earmarking of road taxes 4
The pricing rules considered in this chapter are defined in Section 2. The model is described briefly in Section 3. The reference equilibrium and the budget constraints are discussed in Section 4. The effects of the different pricing rules are compared in Section 5. Section 6 concludes.
WHICH PRICING RULES ARE COMPARED?
Three pricing rules are tested. As shown in Table 1 they differ in two characteristics:
(i) whether they need to balance the financial transport account or not, and (ii)
whether they use marginal social cost information or not. 4 It is well known in the theory of incentives that a regulation scheme that imposes a maximum deficit can generate production efficiency (see Laffont and Tirole, 1993) . 
THE MODEL
The pricing rules are assessed using TRENEN, a multi-modal partial equilibrium model. 7 The model describes the market equilibrium for all surface transport markets simultaneously. It covers passengers and freight, and private and public transport 5 See any intermediate micro-economics textbook, e.g. Pindyck and Rubinfeld (2001, p370-403) 6 The design of optimal two-part tariffs in the presence of externalities is discussed in De Borger (2001) . 7 For more details on the model. see Van Dender (2001a and 2001b). modes. One of its main features is that it can optimize the pricing structure over several modes under any type of pricing constraint. There are different model versions for urban and for non-urban transport. We briefly describe the urban model version and focus on passenger transportation. Figure 1 shows the model structure.
Assumptions
Three important assumptions allow us to build a simple multi-modal model that can be used to compute optimal tax structures. The first assumption is that the travel conditions in the urban (non-urban) area can be represented by one aggregated speedflow relationship. 8 This means that area specific and route choice features cannot be studied. The second assumption is that demand is generated by a limited number of representative consumers. The consequence is that distributional issues cannot be studied. The third assumption is that we use medium term static model. This means that the level of all transport infrastructure is taken as given, but that the car stocks and public transport equipment (number of busses and rail carriages) fully adapt to the level of demand.
The demand for transport
The behaviour of a representative household is derived from the maximisation of an indirect utility function defined over generalized costs. The indirect utility function takes a nested constant-elasticity of substitution form. This allows us to consider the choice between one aggregate non-transport good and 20 or so transport alternatives.
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The inclusion of the non-transport good allows total demand for transport to vary. The transport alternatives are combinations of mode, time of day and type of vehicle used, as shown in the utility tree in Figure 2 .
The choices of the representative consumer are driven by generalized prices. Through the time-component of these generalized prices, the effect of congestion on travel time and modal choice is taken into account. The generalised costs for public transport depend on the frequency of service, allowing us to take into account the Mohring effect (Mohring 1972 ).
The demand for freight transport services is modelled by assuming that each firm minimises its total production cost for a given output level. It can choose between non-transport inputs (labour, capital, other intermediate goods) and a wide range of transport inputs (different modes, times of day etc.). The behaviour of the firms is represented by a nested CES cost function that is defined over generalised costs, again taking account of traffic congestion. In a typical case study, a choice can be made between peak and off-peak freight, and in both periods different modes (rail, road, inland waterways) are available. Road freight can make use of light-duty and heavyduty trucks.
Transport supply
The supply as well as the costs of fuel and drivers. We assume a constant occupancy rate (different for peak and off-peak) so that we can define a marginal resource cost per passenger kilometre. The frequency of service is taken to adapt in function of the total demand for public transport, so that the waiting time is variable. Finally, the policy maker can affect environmental and other vehicle characteristics through regulations that affect the resource costs of vehicles.
For the non-transport market, the producer prices equal the constant marginal resource cost plus tax.
Calibraton and Operation of the model
The model is calibrated to observed or forecasted transport volumes, prices and speeds in a given region. The model is completed by a speed flow relationship (that is best derived from experiments with a network model) and by resource cost and external cost functions for all transport modes. We select elasticities of substitution for the nested utility and cost functions so as to obtain price elasticities in line with the values reported in the literature.
In simulation mode, the calibrated model computes the equilibrium for all the transport markets and for the non-transport commodity market, given a set of policy parameters (taxes, regulations on type of vehicles etc.). The equilibrium is characterised by a set of speeds, volumes and generalised costs such that no transport user wants to alter his choice. For this equilibrium the model computes external costs (air pollution, congestion, accidents, noise etc.) and a welfare indicator. The welfare indicator can loosely be described as 11 the sum of total consumer surplus on the transport markets, producer surplus (the negative of the total production costs of firms and the deficit or surplus of the public transport firms) and total net tax revenue, minus external costs other than congestion (congestion is included in the consumer surplus defined over generalised prices).
We can also use the model in optimization mode, by maximizing the welfare indicator under pricing constraints that represent the allowed pricing instruments. Only if there are no constraints on the tax differentiation over different markets will the derived optimum correspond to marginal social cost pricing. In most applications one is forced to compute second best optima. It is well known that this can be numerically difficult and can generate counter-intuitive results. When every pricing solution is multi-dimensional (e.g., taxes for twenty transport markets), the best constrained solution can not be found using an ad hoc search procedure
The standard version of TRENEN contains no (balanced) budget requirement in any transport market or in any combination of transport markets. Instead, changes in tax revenues as caused by changes in transport policy are valued exogenously, and the exogenous value reflects an assumption on revenue use. For the purposes of this chapter, tax revenues get the same weight as consumer income. In this chapter, the optimization model will be used to compute the marginal social cost pricing solution (no constraint on tax instruments), the Ramsey pricing solution (the total tax revenue of the transport sector is constrained so that taxes in the transport sector have to be adjusted away from the MSC value) and the average cost pricing solution. In the latter solution all taxes will be constrained to equal the average resource cost. Remember that average cost is itself not constant so this is not a straightforward computation. The data used for calibrating the models were originally collected for a study on the public revenue effects of optimal pricing (Roy, 2000) . That study collected data sets for different countries, including traffic flows, prices, taxes and marginal external costs.
The first step in the construction of a policy scenario for ACM and RMS is to determine the revenues that need to be raised through transport taxes. Our data sets for Germany and the UK provide information on the cost side for collective transport modes and include: urban metro, tram and bus, and non-urban bus and train, for 1995 and 2005. This information is sufficient to determine the revenue requirements for those modes, excluding road network costs.
Information on road network costs is harder collect. We made an estimate on the basis of Link and Suter (2001) and analogous assumptions are made for the UK. The values derived for total road infrastructure costs are very uncertain, but they are not crucial for the results.
Once the revenue requirements are determined, the scenarios can be designed.
They are shown on Table 2 . The transport-sector-wide budget of total costs is financed through Ramsey taxes, allowing full differentiation across transport markets. The taxes maximise social welfare subject to the budget constraint. The social welfare function takes all external costs into account, so that optimal prices will be optimal deviations of marginal costs, where deviations are necessary to meet the revenue requirements.
Marginal social cost pricing (MSC). This is the theoretical optimum obtained by maximisation of the welfare function, allowing full differentiation of taxes across transport markets, without any budget constraint. Table 3 compares the reference taxes to total marginal external costs (TMEC). These are equal to the sum of marginal congestion costs (MCC) and other marginal external costs such as pollution for small gasoline cars and diesel buses, accidents and noise (MEPD). Taxes and marginal external costs of four transport alternatives are shown in Table 3 . The values correspond to a small petrol car with one driver-occupant and a representative bus at peak and off-peak times. The taxes considered include taxes on car ownership and on use of cars (fuel taxes, existing tolls, additional VAT etc.), for public transport the tax equals the difference between the ticket price and the marginal resource cost. A negative tax is a subsidy.
Taxes and Marginal External Costs in the Reference Equilibrium
Marginal external congestion costs clearly dominate in peak periods. 12 In order to assess the pricing inefficiencies we compare the per passenger kilometre total tax ("Tax" in first column) with the total marginal external costs (TMEC in second column). We see that the total marginal external costs exceed taxes in all urban areas during peak hours. It is evident from the table that current taxes more than cover the external costs in urban areas during off-peak periods and in interurban areas at all times including peak times (see Proost et al, 2002 for more evidence). We see that there also inefficiencies for the public transport modes. With one exception, public transport prices are too low in the peak and may be too high or too low in the off peak. This may illustrate the second best policy of subsidising public transport to reduce the problems in the underpriced peak car market. Policy makers often do not appreciate that the introduction of road pricing may be an opportunity to correct the public transport prices as well.
The difference between taxes and total marginal external costs is as such insufficient to compute optimal taxes. The marginal external cost (mainly the congestion cost) is a function of the volume of transportation and this is a function of the tax itself so that one tends to overstate the necessary increase in taxes when using the marginal external cost information in the reference situation as a guideline. 
COMPARISON OF ALTERNATIVE PRICING RULES
This section discusses the main effects of the alternative pricing rules. Tables 5a and 5b ), this exacerbates congestion and other external costs. Allowing the same budget to be raised by a Ramsey-rule (RMS) avoids these problems, as it always leads to lower bus taxes relative to car taxes. In most cases, the Ramsey bus taxes are lower than the ACM bus taxes in absolute terms as
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well. This price differentiation shows that, even in the presence of a cost recovery rule, price differentiation under a RMS scenario may generate substantial welfare gains. Note that in the case of Münster the Ramsey rule even calls for subsidising offpeak car travel. This is an extreme case of a second-best policy geared towards reducing peak period car use. Although the TRENEN model allows for this theoretical possibility, such a pricing system may not be a realistic policy option.
Second, compare the reference situation to MSC pricing. Although the optimal taxes under marginal social cost pricing (MSC) usually are higher than the reference taxes for peak period car trips, there are exceptions, such as South-East England, which has low average congestion levels in the reference equilibrium. The impact on off-peak car taxes is more diverse: in both regions, Westphalen and South-East England, the off-peak car taxes decrease. In all cities except London, car taxes increased in comparison to the reference equilibrium. This result may be driven by the geographical scale of the case studies, as those cases covering the largest areas have decreasing off-peak taxes. Taking large networks into account may tend to spread out off-peak congestion levels. 
Traffic Level and Composition
Tables 5a,.5b and 5c show the impact of the pricing mechanisms on traffic levels (passenger car units, PCU), on transport demand (passenger-kilometre, PKM), and on modal shares, respectively. Average cost pricing leads to an increase in traffic levels and transport demand, because the taxes are on average reduced with respect to the reference situation. The increase in PCU is larger than for PKM because of a modal shift towards car trips (Table 5c ), away from collective modes, as a consequence of the relatively high revenue requirement (hence, relatively high taxes) for collective modes, and the relatively low revenue requirement in car markets. This illustrates that defining budget requirements in narrow sets of transport markets may have strong effects on modal split. The simple average cost pricing scheme performs badly both in terms of aggregate travel demand and in terms of modal split for a given level of demand.
14 Ramsey social pricing, on the other hand, manages to combine lower PCU levels (hence less congestion) with increased transport demand in a number of cases:
Düsseldorf, München, London, and to a lesser extent, the region of Westphalen. The reason is that, despite the low revenue requirements, relative modal prices can be set to achieve a good modal split. In practice this requires low or zero fares for collective modes. In other cases, such as Münster and the South-East region in the UK, the revenue requirement is too low to allow for sufficient price differentiation, and increased PCU levels result.
Marginal social cost pricing usually reduces travel demand (PKM) and traffic flows (PCU) in comparison to the reference situation, and leads to revenues in excess of the revenue requirements specified for average cost pricing and Ramsey social pricing. Under marginal social cost pricing there is no longer a justification for subsidising public transport beyond the level of fixed costs. 15 The efficient modal split is obtained by pricing all modes at their marginal social cost. Table 6 shows the share of trips (measured in PCUs) that take place during peak hours. As can be seen this share is less sensitive to the pricing scheme than is the total traffic volume. Ramsey social pricing performs much like marginal social cost pricing in this respect, through a second best correction of prices. The effect of average cost pricing is to slightly decrease the share of peak hour trips in most cases. In the urban case studies, the impact of the different pricing schemes on freight transport is small, and the directions of change are similar to those of passenger car transport. In regional contexts, average cost pricing decreases the modal share of rail freight, in comparison to the reference situation. Ramsey social pricing does the opposite: it strongly pushes the share of rail up. In the Westphalen case, Ramsey social pricing leads to a much higher share of rail freight than in the marginal social cost pricing scenario. In the South-East UK case, the Ramsey share is approximately equal to the marginal social cost pricing share. Overall, the impact of the various schemes on aggregate freight demand is rather small. Table 7 shows the welfare changes induced by the different pricing scenarios for the various cases. These welfare changes are expressed as a percentage of total generalized income and this is larger than national income. A welfare gain of 1% of generalized income realized on the transport market that only counts for 10% or less of total national income is therefore to be considered as important. Of course, marginal social cost pricing outperforms Ramsey social cost pricing, which in turn outperforms average cost pricing. First, the introduction of a budget constraint has a clear efficiency cost for the transport sector. Second, the way in which this constraint is met has further consequences for the welfare effects. Ramsey social pricing cannot be worse than average cost pricing and cannot be better than marginal social cost pricing.
Interestingly, average cost pricing leads to a reduction of welfare with respect to the reference situation in all cases. While the size of the reduction varies substantially between cases, the two basic reasons for the welfare reductions are the same. Second, the modal budget constraints require less revenue than is raised in the reference situation. This means that the revenues from current transport taxes are higher than what is required to balance the transport sector financially. Optimal commodity tax theory shows that, if transport demand is relatively inelastic, revenueraising in that sector tends to limit the efficiency cost of collecting the required total amount of government revenue. 16 The fact that the transport sector at present is 'revenue positive' may then be justified from the optimal taxation point of view, although there is no guarantee that relative prices or the size of the surplus are anywhere near optimal.
If the revenue requirement were increased above the transport-related requirement, average cost pricing could, but need not, perform better than the reference price structure. As the peak-period taxes from average cost pricing approach the peak period external costs, the performance of ACM improves. This improvement will be counteracted to some extent by the growing deviation between off-peak taxes and off-peak external costs. 17 However, since peak-period congestion costs are the 16 The potential interactions with other distorted markets such as the labour market are ignored in this study; cf. Mayeres and Proost (1997) , Parry and Bento (2001) The variation in results between cases depends on the degree of cost coverage of collective modes in the reference situation, and on the degree to which the new budget constraint allows sufficient differentiation of prices with respect to transport externalities. The high welfare gains for Munster have to do with the very steep speed flow relationship in the reference equilibrium. This implies that small reductions in volumes in the peak can generate important increases in speed and in welfare for the local population.
CONCLUSIONS
In this paper we analysed the potential of more efficient pricing for the transport sector as a whole and the impact of budget constraints.
of AC. These however, are not general results. In a second sensitivity analysis, the budgets were linked to changes in traffic levels. At the central scenario revenue requirement, this decreases the performance of AC. At 50% of the central scenario requirement, this link increases the performance of AC. The relation between changes in the budget requirement and the performance of AC is clearly non-monotonous. Interactions between budgets, the Implementing marginal social cost pricing without budget constraints generates in principle the highest welfare gains. This pricing reform requires important changes for for the road sector (road pricing etc.) but also for the public transport modes where in many regions peak tariffs need to be increased. Overall mobility needs to decrease by 5 to 10% and modal shares of cars will go down in the peak.
We studied to extreme scenarios to add a balanced budget constraint to the overall transport pricing reform. The first is simple average cost pricing per mode. The second is Ramsey pricing with a budget constraint for the transport sector as a whole.
The comparison of transport pricing approaches shows that Ramsey-type pricing rules perform significantly better in terms of welfare than average cost based rules, and that the absence of a modal budget constraint allows to better adapt prices to marginal social cost.
The case studies suggest that the quantitative effects may be important. Requiring that modal budgets are met exactly through average cost pricing reduces welfare in comparison to the reference situation, in all cases studied by 0.5 to more than 2.5% of national income. When the budget constraint is attained through Ramsey taxes, the results are most often welfare improving compared to the reference. The welfare cost of imposing the budget constraint, however, remains substantial in comparison to a marginal social cost pricing scheme.
These results as such say nothing about the political and social feasibility of the various pricing rules. Furthermore, there are other ways of defining average cost pricing schemes than the ones analysed here, and such alternative definitions may produce better results. These alternative schemes will however become more implied ratio of modal and time-of-day differentiation of taxes, and changes in the budget requirement, may produce counterintuitive results.
complex, and they will still perform worse than marginal-cost-based pricing approaches.
